Introduction: Crowding is a malocclusion with irregularly positioned teeth caused by arch length discrepancy (ALD). Its incidence is high compared with the various malocclusions. In a previous study the crowns of the maxillary lateral teeth had erupted mesially in relation to the functional occlusal plane (FOP) in patients with Angle Class I malocclusion and highly erupted canines, which had been uprighted by non-extraction orthodontic treatment, yet these results were based on only two cases evaluated by using plaster models. Therefore, the aim of this study was to assess the mesiodistal angulations of both maxillary and mandibular teeth relative to the FOP in normal occlusion by means of cephalograms and identifying the teeth axial factors contributing to the normal dentitions with the least ALD. Materials and Methods: Thirty Japanese young adult patients (6 males, 24 females) with normal occlusion were selected to participate in this study; cephalograms were procured from each and the FOP was used as a reference plane for measuring the changes in the axial angulation along with other indicators of vertical growth. Results: Progressive mesial tipping of the maxillary lateral teeth was observed. First premolars tended to express this more than the second premolars but the tipping values were roughly 90º relative to the FOP on the first molars. Conclusion: The maxillary lateral teeth are more mesially angulated compared to the mandibular ones relative to the FOP. Furthermore, progressive mesial tipping of the maxillary lateral teeth was detected, of which axial angulations were significantly correlated to each other, in spite the mandibular premolars and molars being angulated in a similar fashion.
INTRODUCTION
Crowding is classified on the basis of etiology: one category is the inherent discrepancy between tooth size and jaw size, mainly of genetic origin.
[1] However, several other factors such as early loss of deciduous molars, [2] mesiodistal tooth and arch dimensions, [3] and oral and perioral musculature [2] are assumed to affect the development and severity of crowding.
In addition, the maxillary and mandibular dentitions show different patterns of crowding, [4] even if tooth-size/jaw-size discrepancy is the cause of crowding in both the arches. Maxillary anterior crowding with high canines and malposition of the mandibular incisors is a typical example.
In a previous study, [5] the crowns of the maxillary lateral teeth had erupted mesially in relation to the functional occlusal plane (FOP) in patients with Angle's Class I malocclusion and high canines and had been uprighted by nonextraction orthodontic treatment. The increased mesial axial angulation of the maxillary lateral teeth may This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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have the possibility to cause space deficiency for the alignment. [3] However, these results were based on only two cases evaluated using plaster models.
The aim of this study was to investigate the mesiodistal angulations of the maxillary and mandibular lateral teeth relative to the FOP in normal occlusions by means of cephalometric analysis and identify the teeth axial factors contributing to the normal dentitions with the least arch length discrepancy (ALD).
MATERIALS AND METHODS
Subjects
The study included six Japanese men (24. (4) normal arch lengths and widths on maxillary and mandibular dentitions; [6] and (5) normal mesiodistal crown size. [6] Each subject gave written informed consent for participating in the study. The study design adhered to the tenets of the amended Declaration of Helsinki and approved by the Local Ethics Committee.
Cephalometric measurements
Cephalograms were obtained with the subjects seated in the upright position and the Frankfort horizontal (FH) plane parallel to the floor. The natural head posture was determined by visual feedback in a mirror. Each subject was instructed to swallow, lightly contact the molars to bring 
Statistical analysis
Measurement error was determined by duplicate measurements of all the variables in a 1-month interval. The paired t-test was used to compare the intraobserver differences; a two-tailed P < 0.05 was regarded as significant in this analysis. The t-test was used to compare the mesiodistal angulation between maxilla and mandible.
The mean values in the axial angulations were compared by repeated measures analysis of variance followed by Scheffe's test among lateral teeth. To examine the correlations among the axial angulations, Pearson's correlation was employed. P < 0.05 was regarded as critically significant in these analyses.
RESULTS
The intraobserver variation in the measurements was considered very small when compared with the measurement error (P < 0.01).
Five cephalometric variables are shown in Table 1 . They are in normal range in Japanese standards. As shown in Table 2 , the mean axial angulations of the maxillary canine, first premolar, second premolar, and first molar were 66.2°, In addition, significant positive correlations (0.50-0.65) of the axial angulations were found with the canine, first premolar, and second premolar [ Table 3 ].
DISCUSSION
The present study was conducted to elucidate the mesial axial angulation of the maxillary and mandibular lateral teeth and the FH-FOP angle in the normal occlusions by cephalometric analysis. Significant differences in the axial angulations were noted between the maxillary and mandibular dentitions as previously shown by model analysis. [5] The FOP was used as a reference plane to estimate the axial angulations in the present study. This plane may offer more advantages for analysis because the conventional occlusal plane is easily influenced by the vertical position of the incisors. Jacobson [7] concluded that a representative FOP would be a more appropriate plane for craniofacial analysis.
Progressive mesial tipping of the maxillary lateral teeth was noted. This tendency was more prominent in the first premolar than in the second premolar, because the first premolar is not prevented from tipping mesially before the eruption of the canine. In addition, the axial angulations were significantly correlated to each other. It may be explained in part by a fact that the angle of mesial angulation of erupting maxillary premolar relative to reference plane [8] on panoramic X-ray films showed the same results in the growing patients with mixed dentitions used as the subjects in the previous report.
Presumably, some factor caused mesial tipping of the lateral teeth germs in the alveolar bone. The underlying mechanism may reasonably be assumed as follows: The first molar erupts toward the end of the deciduous dentition, at around 6 years of age, and then, the deciduous teeth are replaced by the permanent teeth in the mixed dentition. While the first molar roots are forming and completing calcification, at around 6 and 9 years of age, respectively, the first and second premolar germs are close to the first molar and located at the same level as the first molar roots in the maxillary mixed dentition. [9] Hanai [10] reported that the arrangement of the teeth germs from the canine to the second molar straightens labiolingually and the second premolar germ descends to the level of the first premolar germ, although the canine germ is still in the highest position in the upper half of the maxillary process during the mixed dentition. Therefore, the axial angulation of the maxillary lateral teeth progressively increases in the mesial direction during the erupting stage.
In addition, the axes of the maxillary teeth tend to converge in the maxilla, whereas the opposite is true in the mandible. [11] In general, the maxillary lateral teeth are angulated more mesially than the mandibular ones. [12, 13] Therefore, maxillary anterior crowding with high canines and slight mandibular incisor crowding may involve completely different mechanisms; however, the cause of this malocclusion has not been fully elucidated. One factor may be the prominent mesial axial angulation of the maxillary lateral teeth relative to the FOP. [5] Such finding may explain why crowded maxillary lateral teeth germs are encountered frequently during panoramic radiograph analysis.
Further, the first molar is located perpendicular to the FOP in most patients. The reason may be that the first molar is the principal tooth supporting the bite force. [14, 15] For mechanically beneficial occlusion, the maxillary first molar should be perpendicular to the FOP. This study has some limitations due to the sample size being relatively small, and while this method is established to compare data easily, cephalometric analysis provides only two-dimensional data, therefore, is not as reliable as a three-dimensional (3D) diagnostic tool. It is thus anticipated hopefully to use 3D imaging techniques, [16, 17] which provide additional detail information about the positional relationship between the first molar root and the lateral teeth germs, in the normal and crowding cases.
CONCLUSIONS
The maxillary lateral teeth are angulated more mesially than the mandibular ones relative to the FOP. Moreover, progressive mesial tipping of the maxillary lateral teeth was found, and the axial angulations were significantly correlated to each other although the mandibular premolars and molar are angulated similarly.
